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Abstract 
Free flow speed (FFS) is defined in the HCM as the “average speed of vehicles on a given segment, 
measured under low-volume conditions, when drivers are free to travel at their desired speed and are 
not constrained by the presence of other vehicles or downstream traffic control devices”. FFS is a very 
important parameter for the estimation of LOS and capacity for uninterrupted highways facilities. 
Ideally, FFS is determined using field measurements, but the HCM 2010 provides models for its 
estimation, when field data is not available. Such models must be recalibrated for local conditions when 
the HCM 2010 is adapted for use in countries outside North America.  
In this paper, Multivariate Analysis (MVA) techniques are used to investigate which infrastructure 
characteristics are related to FFS on Brazilian expressway facility segments, in order to provide a 
framework for the development of models to replace those used in HCM 2010 to estimate FFS.  
This study used a database with a large number of speed-flow observations obtained at 36 sites on 
Brazilian expressways (freeways and divided multilane highways), along with information on seven 
variables describing segment characteristics such as: expressway type; roadside environment; number 
of lanes; rise and fall; bendiness; access point density; and posted speed limit for passenger cars. 
Principal Component Analysis (PCA) was used to select the variables to be included in the proposed 
model. The results of the PCA indicated that three components are responsible for most of the variance 
on observed FFS: (1) posted speed; (2) the combined effects of road class, number of lanes and density 
of access points; and (3) the interaction of geometric design and roadside environment. Stepwise linear 
regression was used to fit a FFS model from these three components. This model was mathematically 
manipulated to provide a FFS that is structurally similar to the one used by HCM 2010 but in fact 
accounts for the interactions among variables. The proposed model can replace the HCM 2010 model 
and does not require the user to choose an initial value for the base FFS. 
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1 Introduction 
The HCM procedure for estimating level of service for freeways or multilane highways segments 
requires selecting a speed-flow curve among a set of given curves. Level of service is a function of 
density, defined as the ratio between flow rate and average travel speed. The selection of the appropriate 
speed-flow curve requires the estimation of the free flow speed (FFS) for each segment.  
The HCM 2010 defines FFS as “the prevailing speed on freeways at flow rates between 0 and 1,000 
pc/h/ln” (TRB, 2010, p. 9-8). Under such flow rates, average speeds are nearly constant and the choice 
of speed by drivers is affected mainly by factors related to the drivers themselves, to the highway 
characteristics and to posted speed limit enforcement, with little or no influence of other vehicles in the 
stream.  
Ideally, FFS is the mean speed of passenger cars measured at a representative location, under low 
flow rates; there are, however, many instances under which it is not possible or practical to conduct 
speed studies. For these cases, the HCM provides models to estimate FFS, based on the physical 
characteristics of the segment. Such models must undergo recalibration to local conditions when the 
HCM is adapted for use in countries other than the USA. The research reported in this paper focused on 
the investigation of the factors that affect FFS on expressways in the state of São Paulo, in Brazil, and 
on the development of a model for the estimation of FFS for such highways. 
This paper is structured as follows: initially, an overview of models for the estimation of free-flow 
speed is presented; the next section presents the procedure used to choose the variables to be included 
in the model. The fourth part discusses how the model was obtained and present the derivation of the 
final user “format”. The fifth section discusses the quality of the estimates obtained using the proposed 
model and the last section comprises concluding remarks.  
2 Models for the Estimation of FFS 
A search of the literature has highlighted two main approaches to the estimation of FFS. The first 
one is the adopted by the Highway Capacity Manual (TRB, 2010); the second one is the one used by the 
Highway Development & Management model (HDM-4). These two approaches are briefly described in 
the next paragraphs. This section concludes presenting an overview of conclusions from several recent 
studies on the estimation of FFS. 
2.1 The HCM 2010 Models 
The HCM 2010 (TRB, 2010) provides models for basic freeway segments (Chapter 11) and for 
multilane highways (Chapter 14). These models have the same general structure: 
1 2  ...  nFFS InVal f f f     , (1) 
that is, FFS is calculated by subtracting a series of adjustment factors fi from InVal, a base value. The 
HCM 2010 considers that the highway characteristics that influence FFS are: lane width; lateral 
clearance, median type and density of access points. 
For freeway basic segments, the base value is 75.4 mi/h (121.3 km/h) and three adjustment factors 
are used. These adjustment factors account for: (a) lane width; (b) right-side lateral clearance, which 
depends on the distance to obstruction and the number of lanes; and (c) total ramp density, the number 
of ramps located within 3 miles, upstream and downstream for the midpoint of the segment under study, 
divided by 6 miles (TRB, 2010, p. 11-11). Median type is not considered because lanes on opposing 
directions on a freeway are physically separated. 
The multilane highways chapter only provides general guidelines for choosing the base value, 
leaving the choice for the user. The provided guidelines suggest using design speed, if available, or the 
posted speed limits plus 5 mi/h (for speed limits ≥ 50 mi/h) or 7 mi/h (for speed limits < 50 mi/h). Four 
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adjustments factors account for the effects of: (a) lane width; (b) total lateral clearance, which is the sum 
of lateral clearances on the right-side (shoulder) and left-side (median) of the lanes; (c) median type 
(divided, undivided or two-way-left-turn lane); and (d) access point density, determined by dividing the 
number of access points by the length of the segment (TRB, 2010, p. 14-10). 
2.2 The HDM-4 Model 
The Highway Development & Management model (HDM-4) uses another approach to estimate FFS. 
In this model, which was developed by Watanatada et al. (1987), FFS is the probabilistic minimum of 
a set of five constraint speeds, determined using the Weibull distribution. These constraint speeds are: 
Vdrive, which is a function of motive power and vertical alignment; Vbrake, reflecting breaking capability 
and vertical alignment (grades); Vcurve, which incorporates the effect of the horizontal alignment 
(curves); Vrough, which accounts for the effects of pavement condition; and Vdesir, the desired speed in 
the absence of any other restrictions, and which reflects economical, psychological and safety aspects. 
Odoki & Kerali (2006) provide more updated and detailed explanations on these factors. 
Constraint speeds incorporate the effect of a number of factors that affect FFS. E.g., Vdrive is a 
function of engine power, as well as of length, magnitude and number of upgrades on a given road 
segment. Vertical and horizontal alignments are used to calculate Vdrive, Vbrake and Vcurve. 
The general formulation of the HDM-4 model is 
 
2
1/ 1/ 1/ 1/ 1/
drive brake curve rough desir
1
exp ,
2 EE E E E E
V
    
§ · ¨ ¸© ¹    
FFS
V V V V V
  (2) 
in which σ and β are the parameters for the Weibull distribution.  
The β parameter determines the shape of the Weibull distributions for restrictive speeds. As β gets 
closer to 0, FFS becomes closer to the smallest of the five restrictive speeds. The σ parameter is an 
estimate of the Weibull model’s standard deviation. The first term in Equation 2 is a correction factor. 
HDM-4 uses σ = 0 and β = 0.151 for passenger cars (Greenwood & Bennet, 1996). 
2.3 Other Studies 
Deardoff, Wiesner & Fazio (2011) fit a model for the estimation of the free flow speed for base 
condition roads based on posted speeds. Although the results were statistically valid, the authors 
reinforced that this simplified model is limited to the state of South Dakota, USA, where the data was 
collected. 
Using several variables, Tseng, Lin & Shieh (2005) developed a model for estimating average FFS 
on rural and suburban multilane highways in Taiwan. Vehicle type, speed limit and spacing between 
control devices were the aspects that affected the speeds the most. In a similar study in the USA, Ye, 
Tarko & Sinha (2011) also used multivariate analysis to estimate FFS, concluding that vehicle 
heterogeneity, speed limit, land use, road classification and number of lanes are factors that determine 
FFS. 
Zuriaga et al. (2010) and Cafiso & Cerni (2012) employed regression analysis to model speed profile 
and average FFS as a function of roadway vertical and horizontal alignment. Both studies used data 
collected with onboard GPS. Horizontal alignment was included in the models as curve radius (for 
modelling specific curves) or average curvature, in deg/km, when analyzing extended segments, as this 
measure could capture the effect of a series of curves along the highway. Vertical and horizontal 
geometry were also the factors found to affect the FFS the most in Italian freeways (De Luca, Lamberti 
& Dell’Acqua, 2012), described by the variables named as curvature, longitudinal slope and 
tortuousness. In common, these studies incorporate geometry as explanatory variables, as in the case of 
the HDM-4 model. 
The literature review clearly shows that models for the estimation of FFS must include a set of 
independent variables that are able to reflect all factors that impact the choice of speed by drivers. The 
A Model for Estimating Free-ﬂow Speed on Brazilian Expressways G. Riente de Andrade et al.
380
  
proposed approach rests on the assumption that a model cannot adequately incorporate the effects of 
these factors if their joint effects are ignored; thus, multivariate analysis is the best tool to develop the 
model. Two aspects are to be considered: the use of multiple explanatory variables and possible 
interactions between them. The next sections present the structure and the development of the proposed 
model. 
3 Choosing Variables for the FFS Prediction Model 
The first step in the model development is the choice of variables. The model should only include 
variables that are, at the same time, easily observable in the field and that have a significant effect on 
the FFS. Because FFS technically is the mean speed of passenger cars measured under low flow rates 
(TRB, 2010), the segments selected to provide the data for use in this study had permanent traffic 
monitoring stations. The inductive loops provided data for FFS measurements and the highway 
characteristics provided values for the independent variables for each site. A total of 36 sites, located on 
expressways in the state of São Paulo, were used to collect the highway and speed data. Of these 36 
sites, 26 were chosen to provide data for the model calibration; data from the 10 remaining sites were 
used for model validation. 
3.1 The Database 
Observed FFS values were obtained using speed-flow data from the inductive loops in the lane 
closest to the median (Andrade & Setti, 2014). The loops provided counts and average speed for short 
time intervals (5 or 6 minutes) for passenger cars, heavy vehicles (trucks and buses) and motorcycles. 
Only intervals with flow rates equal to or less than 350 pc/h/ln and less than 5% heavy vehicles and 
motorcycles were used. Considering the 36 sites together, the dataset contained close to 1 million 5-min 
speed-flow observations made between January 2010 and February 2011. 
The procedure used to obtain FFS consisted of grouping all observations in 50 pc/h bins: 0 to 50 
pc/h, 50 to 100 pc/h, and so on until 300–350 pc/h. For each of these data sets, the average passenger 
car speeds for each bin were calculated using sensor data. The standard deviation of average passenger 
car speeds for each bin was below 2 km/h for all sites, supporting the hypothesis that average passenger 
car speed is practically constant, under low traffic flows. The value for observed FFS for the site was 
the mean of these seven average passenger car speeds. This ensures that all bins have the same weight 
in the total mean and are normally distributed, by the Central Limit Theorem, while data variance are 
further reduced. 
Road characteristics were collected using a procedure described in further detail in Andrade & Setti 
(2011). A 2-km segment centered on the sensor location (1 km upstream and 1 km downstream) was 
used to observe road characteristics. Table 1 describes the seven variables used to describe roadway 
characteristics, as well as the free flow speed, including the range, mean and standard deviation found 
in the field for each variable. All segments had the same lane width and lateral clearance; therefore, it 
was not possible to evaluate the effect of those variables on FFS. 
Posted speed limits for passenger cars varied from 80 km/h to 120 km/h. In Brazilian practice, older 
multilane highways are generally associated with speed limits from 80 km/h, in mountainous terrain or 
urban areas, to 110 km/h, in rural areas in level or rolling terrain. In more recent freeways, with better 
designs, speed limits tend to range from 100 to 120 km/h, depending on the abutting land use and control 
of accesses. Speed limits for trucks and buses on the segments studies were 90 km/h or lower. 
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Name Type Description of variable min max mean SD 
HwyType  categorical  highway type  
(0: freeway; 1: multilane highway) 
0 1 0.3 0.47 
AdjLandUse categorical  abutting land use (0: rural; 1: urban) 0 1 0.3 0.48 
NumLanes numerical  number of lanes 2 4 3 0.74 
PostSpeed numerical  posted speed for automobiles, in km/h 80 120 110.2 13.71 
VertAlign numerical  “hilliness”, the sum of total rise and 
fall along the 2-km section, in m/km; 
5.4 53.2 31.2 13.48 
HorzAlign numerical  “bendiness”, calculated as the sum of 
horizontal deflections in degrees/km; 
2.8 207.8 35.7 36.13 
AccessDen numerical  density of access points (as defined in 
the HCM 2010), in access points/km 
0.3 7.0 1.7 1.48 
FFS numerical Free flow speed, in km/h 80.0 130.0 110.0 12.65 
Table 1: Variables used to describe highway characteristics 
3.2 Principal Component Analysis 
Principal component analysis (PCA) is a statistical technique that emphasizes variation and 
highlights patterns in datasets. PCA is commonly used in exploratory multivariate data analysis and for 
building predictive models; hence, a good choice to analyze the effects of the independent variables on 
FFS, once preliminary regression analyses had shown significant collinearity among these variables. 
More details on the PCA methodology are  found in Jolliffe (2002). 
There were two objectives to be met by using the PCA: (1) to group several variables into a few 
components that would be able to explain most of the total variance of the data; and (2) to better 
understand the relationships among independent variables and their joint effects on FFS. PCA was 
carried out using IBM SPSS v. 22, using the varimax orthogonal rotation. 
Table 2 summarizes the analysis of variance from PCA. Together, components 1, 2 and 3 explain 
82.437% of the total variance and thus are strong candidates for inclusion in the model. Table 3 shows 
that all variables presented high communality values, which ranged between 0.626 and 0.920, with an 
average of 0.822. Table 3 also presents the rotated component matrix, which contains the scores of 
original variables in each of these three components. The criterion for the selection of the most 
significant variables in each component was absolute score greater than 0.7. Scores for the most 
important variables in each component are shown in bold in Table 3. 
Component 1 can be reduced to two variables, AdjLandUse and HorzAlign, and represents the impact 
on FFS of the combined effects of roadside environment (urban or rural) and bendiness. Segments built 
in urbanized areas are usually older and tend to have a poorer geometric design; the densely built 
environment also makes road geometry corrections more difficult. On the other hand, segments located 
in rural areas tend to have less restrictions to improvements, less friction with local roads and superior 
geometric design. 
Three variables are the most important ones in Component 2: highway type (HwyType), number of 
lanes (NumLanes) and density of access points (AccessDen). These three variables differentiate freeways 
from multilane highways; the former usually have more lanes and less access points than the latter.  
The only important variable in Component 3 is the posted speed (PostSpeed), reflecting the 
importance of this variable on FFS. It should be noted that hilliness (VertAlign) did not satisfy the 
selection criterion in any of the three components. This suggests that this variable plays a secondary role 
on the determination of FFS. 
The next section explains how stepwise regression analysis was used to develop the proposed model 
for FFS estimation from these variables. 
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m
po
ne
n
t 
Initial eigenvalues  
Extraction sums of squared 
loadings  
Rotated extraction sums of 
squared loadings 
Total 
% of 
variance 
% 
cumulative 
  
Total 
% of 
variance 
% 
cumulative 
  
Total 
% of 
variance 
% 
cumulative 
1 3.133 44.757 44.757   3.133 44.757 44.757   2.221 31.728 31.728 
2 1.598 22.822 67.580   1.598 22.822 67.580   2.157 30.808 62.536 
3 1.040 14.857 82.437   1.040 14.857 82.437   1.393 19.901 82.437 
4 0.631 9.013 91.450                 
5 0.334 4.778 96.227                 
6 0.172 2.454 98.681                 
7 0.092 1.319 100.000                 
Table 2: Total variance explained by principal component analysis 
 
Variable Communalities 
 Component 
 1 2 3 
HwyType 0.818  −0.046 0.902 −0.014 
AdjLandUse 0.847  0.880 0.253 −0.094 
NumLanes 0.626  −0.230 −0.733 −0.233 
HorzAlign 0.920  0.958 0.033 −0.003 
VertAlign 0.790  0.323 0.464 0.694 
AccessDen 0.835  0.519 0.713 −0.232 
PostSpeed 0.916  −0.316 −0.133 0.891 
Table 3: Communalities and rotated component matrix 
4 Building the Model Using Stepwise Linear Regression 
Stepwise linear regression, a semi-automated process for building models that relies on successively 
removing or adding independent variables based on the significance of their estimated coefficients and 
F values, was the technique used to build the model. For the proposed model, the dependent variable 
was FFS and the independent variables were the three components identified in the previous step.  
The best model obtained with the Stepwise Regression Method included all three independent 
variables, with R² = 0.8 and Fisher’s F = 34.34. Figure 1 shows that the residuals were distributed along 
the diagonal in the normal P-P plot and were mainly situated between standardized values −1 and 1. 
  
Figure 1: Residuals analysis 
 
Table 4 shows the estimated regression coefficients for the model components, as well as their 
standard errors, t-statistics and degree of significance. The model has the following general format: 
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0 3 1 2
ˆ Component 3 Component 1 Component 2FFS B B B B       ,  (3) 
with ˆFFS  being the estimated FFS; B0 an initial value for the estimated FFS; and B3, B1 and B2 are the 
regression coefficients for components 3, 1 and 2, respectively. 
 
Coefficient Label Value Std. Error t Probability 
B0 Base FFS value 112.846 0.840 134.404 < 0.001 
B3 Speed limit 5.773 0.856 6.742 < 0.001 
B1 Environment −5.391 0.856 −6.297 < 0.001 
B2 Highway class −3.624 0.856 −4.232 < 0.001 
Table 4: Coefficients and statistics for the stepwise linear regression model 
Table 4 shows that the model is based on a constant (B0) and three independent variables: component 
3 (related to the posted speed), component 1 (related the abutting environment) and component 2 (related 
to highway class), in this order of importance. The constant, B0, may be considered the base value for 
FFS and has a value close to 113 km/h, with a very small error. Such value is close to the speed limit 
on most expressways in the state of São Paulo (110 km/h).  
Component 3 is derived from the posted speed (as shown in Table 3) and reflects the degree of 
compliance to the posted speed limit. The regression coefficient for this variable is positive, meaning 
that drivers tend to choose speeds slightly above the posted speed when traffic volumes are light. The 
other two variables in the model have negative regression coefficients, reflecting an inversely 
proportional relationship to FFS: that is, the greater the value for component 1, which reflects the effects 
of bendiness and urbanization, the lower the estimated FFS. Likewise, the greater component 2 (number 
of lanes, density of access points and highway class), the lower the value for estimated FFS. For all 
three components, the estimated regression coefficients are significant and the errors, low. 
4.1 A Model for Estimating FFS on Brazilian Expressways 
The model presented in Equation 3 is based on the three rotated principal components shown in 
Table 3. The structure of such a model is awkward for day-to-day use, because its independent variables 
are derived from PCA. A model using directly the values of segment characteristics would be easier to 
use and to understand. This section describes how this model was derived from Equation 3 and the 
component score coefficient matrix generated by the PCA. 
Components 3, 1 and 2 in the model obtained using stepwise linear regression (Equation 3) are in 
fact a linear combination of the observed variables, such as that 
1 1 2 2Component i i ik ki w v w v w v       , (4) 
where wik are the k-th score coefficient for the k-th variable used in the i-th component and vk is the 
standardized value for the k-th variable. Because there are three components in the model, thus i = 1, 2 
or 3. Likewise, six variables were found to have a significant effect on FFS, hence k = 1, 2, …, 6. Table 
5 shows the six variables and the associated score coefficients for each of the three components. 
Equation 3 can be rewritten to incorporate Equation 4, becoming: 
0 3 31 3 32 3 36 3 1 11 1 12 1 16 1
2 21 2 22 2 26 2
ˆ ( ) ( )
( ),
              
      
FFS B B w v w v w v B w v w v w v
B w v w v w v
 (5) 
which is equivalent to 
0 3 31 3 32 3 36 3 1 11 1 12 1 16 1
2 21 2 22 2 26 2
ˆ ( ) ( )
( ) .
               
      
FFS B B w B w B w v B w B w B w v
B w B w B w v
 (6) 
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Making  
1 1 2 2 3 3( ) ,k k k kz B w B w B w       (7) 
where 1 2 3,  and B B B  are the values given in the third column of Table 4 and 1,kw 2kw and 3kw  are the 
values in three last cells of each row of Table 5, Equation 6 then becomes 
0 1 1 2 2 3 3 4 4 5 5 6 6
ˆFFS B z v z v z v z v z v z v             . (8) 
In Equation 8, the standardized value kv  for the k-th variable is 
( )
,k kk
k
V V
v
S
   (9) 
with kV  is the observed value for the k-th variable; kV  is the average of all observations for the k-th 
variable; and kS  is the standard deviation of the observations for variable k.  
Substituting Equation 9 into Equation 8 results in 
6 61 1 2 2
0 1 2 6
1 2 6
( )( ) ( )ˆ V VV V V VFFS B z z z
S S S
         , (10) 
which can be rewritten as 
6 61 2 1 2
0 1 2 6 1 2 6
1 2 6 1 2 6
ˆ .
V VV V V V
FFS B z z z z z z
S S S S S S
                (11) 
If 
61 2
0 0 1 2 6
1 2 6
,
VV V
B B z z z
S S S
c          (12) 
then Equation 11 can be written as 
3 5 61 2 4
0 1 2 3 4 5 6
1 2 3 4 5 6
ˆ .
z z zz z z
FFS B V V V V V V
S S S S S S
c        (13) 
 
Table 6 provides the average and standard deviation for the six variables used in the model. Using 
data from Tables 4, 5 and 6, it is possible to calculate the values for the constants in Equation 13 and 
thus, the proposed model for estimating FFS is: 
69 0.4 0.6 2.8 5
0.1 2 ,
         
   
FFS PostSpeed NumLanes HwyType AdjLandUse
HorzAlign AccessDen
  (14) 
with FFS in km/h; PostSpeed, the posted speed limit in km/h; NumLanes is the number of lanes; 
HwyType is 0, if the segment is within a freeway, or 1, if within a multilane highway; AdjLandUse is 0 
if the segment is located in a rural environment or 1, if urban; HorzAlign in degrees/km; and AccessDen 
in points of access/km. 
 Variable 
Component 
1 2 3 
HwyType −0.262 0.542 −0.116 
AdjLandUse 0.426 −0.070 0.005 
NumLanes 0.031 −0.344 −0.120 
HorzAlign 0.538 −0.229 0.107 
VertAlign 0.146 0.111 0.506 
AccessDen 0.084 0.309 −0.192 
PostSpeed −0.041 −0.095 0.645 
Table 5. Component score coefficient matrix 
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Equation 14 avoids the need for the user to choose an arbitrary value for base free-flow speed, as 
required in the HCM approach.  
 
Variable Minimum Average Maximum Std deviation 
HwyType 0 0.25 1 0.44 
AdjLandUse 0 0.25 1 0.44 
NumLanes 2 3.14 4 0.68 
HorzAlign 2.8 28.8 78.2 21.3 
PostSpeed 80 113 120 11.6 
AccessDen 0.3 1.5 7.0 1.21 
Table 6: Descriptive statistics for the variables used in the proposed model 
5 Model Validation 
The validation of the model used data from a subset of 10 sites which were not included in the dataset 
used for model calibration. Figure 2(a) compares observed FFS to FFS estimated using the proposed 
model for the 26 sites whose data were used in the calibration of the model. The average error between 
observed and estimated FFS for this dataset was 3.9 km/h. Figure 2(b) shows the validation of model 
estimates, comparing estimated and observed FFS for the 10 sites reserved for model validation. The 
average error between observed and estimated FFS was 3.8 km/h, that is, practically the same average 
error found during model calibration. 
 
 (a) Model Calibration (b) Model Validation 
 
Figure 1: Model calibration and validation 
6 Concluding Remarks 
This paper proposes a model for free-flow speed (FFS) estimation on Brazilian expressways. Using 
this model, FFS estimates are obtained from segment characteristics that can be easily and directly 
observed in the field: posted speed limit, bendiness, abutting land use, type of highway, number of lanes 
and access point density.  
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The proposed model, albeit having a format similar to the model presented in the HCM 2010, 
includes the interrelation of the effects of segment characteristics on speeds. Instead of the standard 
process of using interaction variables, in this study this was achieved by principal component analysis 
(PCA) with varimax rotation to identify the components that explained most of the observed variance 
on FFS. PCA also combined the characteristics that affected FFS the most. Stepwise linear regression 
was then used to calibrate a model that estimated FFS from the most important components identified 
by PCA (Equation 3). A series of mathematical transformations was applied to that model, providing an 
expression to estimate FFS using a formulation similar to the one adopted in the HCM 2010 (Equation 
14). 
The same limitations associated with any model obtained from regression analysis apply to the 
proposed model: estimates obtained using it are only valid if the inputs are within the range of observed 
values and should be carefully considered when applied to other locations. Although the sites cover 
what the authors consider a representative sample of expressways in the state of São Paulo, a larger 
sample would provide greater confidence to FFS estimates obtained with the model. 
The approach used to choose the variables that are included in the model and the method used to 
obtain Equations 3 and 14 are not dependent on the dataset and could be applied to places other than 
Brazil. 
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